Abstract: Annulated 1,8-naphthyridines were synthesized by one-pot reaction of aromatic aldehyde, malononitrile dimer and enehydrazinoketone.
Introduction
The naphthyridine moiety is part of many biologically active compounds possessing antimalarial [1] , antibacterial [2, 3] , anti-inflammatory [4] [5] [6] , antiproliferative [7, 8] , anticancer [9] [10] [11] and antioxidant activity [12] . In addition, naphthyridine derivatives are used as catalysts [13] [14] [15] , fluorescent dyes [16] and sensors [17, 18] . Generally, 1,8-naphthyridines are synthesized by the Friedländer reaction and its modifications using pyridine derivatives as starting materials [19] [20] [21] . In recent years, multicomponent reactions have gained significant attention and have been used for the synthesis of polyfunctional compounds [22] [23] [24] [25] [26] [27] . In the current work, naphthyridines were synthesized from an aromatic aldehyde, the malononitrile dimer and a 3-hydrazinylcyclohex-2-en-1-one through a sequential Michael reaction followed by two sequential heterocyclizations involving amine additions to nitriles.
Results and discussion
Previously, we have described a new method for obtaining 5H-chromeno [2,3-b] pyridines and 1,4-dihydro-1,8-naphthyridines by using double heteroannulation reactions of Michael adducts (DHARMA) strategy [28] [29] [30] [31] . As part of our continued research, we have extended our method to obtain 2,4,10-triamino-6-oxo-5-aryl-5,6,7,8,9,10-hexahydrobenzo[b] [1, 8] naphthyridine-3-carbonitrile derivatives 2a-j by the reaction of arylmethylidene derivatives of malononitrile dimer 1 and enehydrazinoketones (Scheme 1).
The presence of the nucleophilic and electrophilic centers in the Michael adduct A permits intramolecular heterocyclizations, leading to the formation of 1,8-naphthyridine 2. Thus, following the Michael addition, the first pyridine is formed by nucleophilic attack of the enehydrazine nitrogen atom to the proximal cyano group. The resulting amine B is then captured by the cyano group of the dicyanomethylene moiety to give compound 2.
The most effective way of constructing condensed heterocycles from simple substrates is the use of a multicomponent reaction. This strategy lowers the number of steps, as well as the amount of chemicals, thereby reducing the energy consumption of the process and increasing yield of the product. In this work, a three-component system comprising of aromatic aldehyde, malononitrile dimer and enehydrazinoketone was used to carry out a tandem Knoevenagel-Michael reaction that led to 1,4-dihydro-1,8-naphthyridines 2 in 65%-90% yields.
The structures of compounds 2a-j were confirmed by spectral methods.
1 H NMR spectra taken at 27°C indicate that compounds 2g-j exist as diastereomers because of the slow rate of inversion of the nitrogen atom of the dihydropyridine ring (Figure 1 ). To confirm this analysis, the 1 H NMR spectrum of 2g was acquired at 70°C. As expected, a simpler spectrum due to averaging of signals is observed at the higher temperature.
Conclusion
A one-pot synthesis scheme of new 1,8-naphthyridines involves a double heteroannulation reaction.
Experimental
Progress of all reactions and purity of compounds were analyzed by TLC on Silufol UV-254 plates (development by UV irradiation, exposure to iodine vapor or thermal decomposition). IR spectra were recorded on an FT-IR spectrophotometer FSM-1202 using mulls in mineral oil. 1 H NMR spectra were registered on a spectrometer Bruker DRX-500 (500.13 MHz) in DMSO-d 6 using TMS as the internal standard. Mass spectra (EI, 70 eV) were obtained using a Finnigan MAT INCOS-50 instrument. The signals of a second isomer in NMR spectra of compounds 2g-j are indicated by an asterisk. A solution of enehydrazinoketone (10 mmol) and piperidine in EtOH (10 mL) was added to a mixture of aromatic aldehyde (10 mmol) and malononitrile dimer (10 mmol) in EtOH (10 mL). The mixture was stirred at 40-50°C for 30 min and the resulting precipitate was filtered and washed with i-PrOH. Crude products were crystallized from a mixture of dioxane and acetonitrile. -10-(dimethylamino)-6-oxo-5-phenyl-5,6,7,8,9,10 Diamino-8,8-dimethyl-6-oxo-10-(phenylamino)-5-(p-tolyl)-5,6,7,8,9,10-hexahydrobenzo[b][1,8 
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